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INTRODUCTION
The researches of Thumb and Marbe1 on the psychologi-
cal basis of analogy2 in language were an attempt to deter-
mine what characteristics a word-association must possess in
order to become linguistically effective. Their investigation
established the following characteristics:
1. The effectiveness of an association in producing ana-
logical changes increases with its frequency, i. e., with the
number of members of a speech-community in whom it is
present. This may be represented algebraically by E = F/n
when E represents the effectiveness in producing analogical
changes, F the frequency or number of occurrences of the
association and n the number of persons under investigation.
2. The effectiveness of an association increases with a de-
crease in the average time required for the association to take
place. This may be represented algebraically by E =
ij{T + i) when T represents the average association-time;
with a decrease in the association-time the value of E ap-
proaches i.8
Strictly speaking the results of Thumb and Marbe's in-
1
 A. Thumb und K. Marbe, ' Experimentelle Untersuchungen fiber die pjycholo-
gischen Grundlagen der sprachlichen Analogiebildung,' Leipzig, Engelmann, 1901.
•By 'analogy' and 'analogical changes' we mean those changes in the form or
meaning of words or groups of words which are brought about through association
with other words or groups of words.
1
 In a further investigation, published in Indogermanische Forschungen, ai, 1-55,
Thumb established an additional characteristic for linguistically effective associations,
namely their 'spontaneous' nature. In this type of association the associated word
follows immediately after the stimulus-word without any intervening mental process.
In my experiments the association-types were not investigated, for reasons set forth
below.
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vestigation are applicable only to the German Language; or
still more strictly only to the dialect of his observers.
The Problem.—Briefly stated my problem was (1) to make
a beginning in the establishing of the associational basis of
the English language and (2) to make a comparative study of
the English and German results.
EXPERIMENTAL INVESTIGATION
In the first experiments of Thumb and Marbe, a list of
60 words was chosen from different categories as follows: 10
names expressive of family relations, e. g., father, mother,
etc., 10 adjectives, 10 numerals from I to 10, 10 pronouns, 10
adverbs of place, 10 adverbs of time. All sixty of these
words were presented to each observer at one sitting. They
were arranged in such an order than in no case would a word
immediately follow another of the same category; miscellan-
eous words not belonging to the list selected for the experi-
ment were frequently interposed. The observers were eight
in number, all students, teachers, or doctors of philosophy.
In a later experiment 80 verbs (infinitives) were used as stim-
ulus words. Eight observers were again used, three of whom
(students) had not served in the first experiment. A stop-
watch was used to measure the reaction-time in the first ex-
periment and a Hipp chronoscope and voice key in the later
investigation. The results of the two investigations do not
differ materially from each other. In very few cases do the
favored associations of the one investigation differ from those
of the other.
In my experiments, conducted in the psychological labora-
tory of the Ohio State University in the spring and summer
of 1917, 126 observers were used. These fall into three
groups. The members of Group A (100 students) are classi-
fied in the following table according to their standing as
represented in the table. The four vertical columns, num-
bered 1, 2, 3, 4, refer to the four undergraduate classes; the
remaining columns, designated by Roman numerals, refer
to the following classes: I, graduate students; II, professors;
III, a group of high school teachers who attended the Uni-
47° ERWIN A. ESPER
versity Summer School of 1917; IV, a group of elementary-

























Group B consisted of 11 children, aged 9 to 13 years. Group
C consisted of 15 university janitors. By means of Group
A, I desired to test out the results of Thumb and Marbe with
a large group of observers, as compared with the very small
group used by the German investigators. This large group
was supplemented by the other two groups in order that the
results gained from educated adults might be compared with
those from uneducated adults and children.
The stimulus-words used were made to correspond as
nearly as possible to those used by Thumb and Marbe in their
earlier experiments. They fall into six categories, as follows:
10 names of personal relations, 10 adjectives, 10 numerals (1
to 10), 10 verbs (present participles), 10 pronouns, 10 adverbs
of time and place. The participles of verbs were used to
prevent verbs such as walk, used in the infinitive, from being
understood as nouns. Only one- and two-syllable words were
used, to avoid the possibility of the reaction time being in-
creased by the length of the stimulus-word. Hence no trans-
lation of German Schzvager, etc., was used. A preliminary
experiment had been undertaken to discover whether there
were any marked difference in length between the reaction-
times when one-syllable stimulus words were used and when
two-syllable words were used. The results showed the time
for the two-syllable words practically the same as for the
one-syllable words; the difference may therefore be regarded
as negligible for our purposes.
The method employed was as follows: a Hipp chrono-
scope was set up in a room adjoining that in which the ob-
server and experimenter sat. This was to prevent the sound
of the chronoscope from disturbing the observer. The ex-
perimenter controlled the chronoscope by means of a key
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which was connected by wiring with the instrument. The
chronoscope readings were taken by an assistant.1
The following instructions were read to each observer:
Please keep your eyes closed during the experiment. I will read you a list of words.
To each word respond as quickly as possible with another word. The first five words
will be for practice.
I then gave the following words: house, jumping, fast, red,
who. The words chosen for the experiment then followed.
These were arranged in ten different haphazard orders, so
that in each ten observers no one was given the stimulus-
words in the same order. As the experimenter began the
articulation of each word, he pressed the key which started
the chronoscope; when the observer began to respond the
experimenter released the key, thus stopping the chronoscope.
(The experimenter did not look at the observer during the
experiment, but released the key upon receiving the auditory
stimulus of the observer's response.)
No attempt was made to classify the associations accord-
ing to the occurrence or non-occurrence of mental processes
intervening between the stimulus and reaction words, be-
cause this would have required introspection on the part of
the observers, whereas it was my desire to make the condi-
tions of the experiment as simple as possible, thus approach-
ing more nearly the conditions in everyday speech. More-
over, as Thumb himself notes,2 the 'spontaneous' character
of an association may be inferred from the rapidity with
which it occurs; the associations having the shortest reaction-
times are the 'spontaneous' ones.
In the following tables, the results for Group A are pre-
sented. The figures in parentheses, placed after the stimu-
lus-words, indicate the total number of successful reactions.
The columns under n, A and M give the number of occur-
rences, the average reaction-time and the median3 of the re-
1
 Miss Ethel M. Cooke, a student in the university, to whom I am greatly indebted
for her careful and patient work.
J
 Iniogerman. Forsch., 22, 18, 24.
1
 The median is to be regarded as more significant than the average because it is
not affected by the extremely long or short reaction-times. We are concerned, not


























































































sister . . .
relative1
girl




















































































'The small number of successful reactions to the stimulus 'son' is due to the fact that many observers understood it as 'sun.'
J
 Including I case of 'relation.'
1
 Including 2 cases of 'relation.'
TABLE II
Stltnulu
















































































































































































 Out of a total of 97 observers who responded to the stimulus 'light,' only 4 understood it in the sense intended, i.e., German 'leicht,1
'not heavy.' The results are as follows:
Most Frequent Reaction Av. Time Av. Time of Other Reactions
1. Understood as 'not heavy* (4) heavy (4) 1.299
2. Understood as'not dark' (58) dark (54) 1.281 1.802































































































































































































 The relatively small number of successful reactions to the stimulus words 'four' and 'five' is due to many observers understanding these
as 'for' and 'fife' respectively.
TABLE IV
Stimulus





































































































































































































 The stimulus words 'losing' and 'seeking' were not used for the first 14 observers; hence the smaller number of responses.
1
 'hunting' occurs 7 times (A, 1.486 M, 1.416); 'hunt' occurs 3 times (A, 2.192 M, 2.034). Taking these two responses together, the
results are: n, 10 A, 1.698 M, 1.568. The association seeking-hunt(ing) thus appears stronger than seeking-looking.
''suchen' does not occur as a stimulus word in the German investigation. Out of a total of 80 verbs which T&M used as stimulus
words, I have taken only those which correspond to those used by me; whereas in the case of the other categories, where T&M use only










1. • I 1 . . . .
2. *you..
3. •we



































7. wer. . .
8. dieser.
9. jener..
10. was. . .
er.jener..
dieser.































































( sie.. .seid .























































































































t h e n . . .
now. . . .
now



















































































































































 frequently understood as hear.
1
 frequently understood as their.
• frequently misunderstood as them.
* selten and oft do not occur as stimulus-words in the German investigation,
these I have given above only those which correspond to my stimulus-words.
T&M used 10 adverbs of place and 10 adverbs of time. Of
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action-times, respectively, of the most frequent response, the
next most frequent response and of all remaining responses.
A star before a stimulus-word indicates that it occurs as a
stimulus word in the experiments of Thumb and Marbe; a
star before a most frequent response indicates that it was also
the favored response in the German investigation. Below
each table is given the corresponding German table.
Of the 60 stimulus-words used in my investigation, 50
correspond to stimulus-words used by Thumb and Marbe.
Of the most frequent responses to these 50 words, 35, or 70%,
agree with the favored German reactions. It should be
noted, moreover, that in some cases where the favored Eng-
lish response is not the same as the favored German response,
the next most frequent response of the one investigation
agrees with the most frequent of the other. Thus the re-
sponses to son (Sohn) are daughter {Vater); Tochter however
occurs as the next most frequent German response and father
as the next most frequent English response. It is quite pos-
sible that had Thumb and Marbe used a larger group of ob-
servers, the agreement between the German and English re-
sults would have been still greater.
In both the English and German experiments, stimulus-
words of a given category were responded to predominantly
with words of the same category, as the following figures show.
(German percentages are given in parentheses.)
1. Names of personal relations responded to names of pre-
sonal relations: 77.4% (80%).
2. Adjective responses to adjectives: 85.3% (87.5%).
3. Numeral responses to numerals: 83.9% (87.5%).
4. Pronoun responses to pronouns: 72.9% (71.3%).
5. Adverbs of place responded to adverbs of place: 51.7%
(68.8%).
Adverbs of time responded to adverbs of place: 26.3%
(1-2%).
6. Adverbs of time responded to adverbs of time: 72.4%
(76.3%).
Adverbs of place responded to adverbs of time: 6.9%
(6.2%).
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7. Verb responses to verbs: 70.2% (42.0%).
Noun responses to verbs: 23.3% (51.7%).
The English and German results are seen to agree closely in
this respect except in the case of the responses to adverbs of
place and to verbs. The English observers show a marked
tendency to respond to adverbs of place with adverbs of
time, whereas in the case of the German observers this ten-
dency is hardly present. A decided difference is seen be-
tween the English and German responses to verbs. The re-
sults for the English observers are here similar to the results
in the other categories, whereas only 42.0% of the German
responses to verbs are again verbs. To what this difference
is due may be inferred from a comparison of the results of
Schmidt.1 In this investigation, 8 boys, aged about 10 years,
acted as observers. The stimulus-words were the forms of
the present and imperfect indicative, the present infinitive
and the past participle of 30 verbs. Of the responses to these
words, 89.65% were verbs, 4.82% substantives and 5.53%
scattering. Although Schmidt does not himself give us the
necessary data, we may infer from a comparison of the re-
sults of Thumb and Marbe that most of the substantive and
scattering responses were given as reactions to the 30 infin-
itives. "Das Resultat ist sprachpsychologisch nicht unin-
teressant; wir betrachten den Infinitiv als Trager der Verbal-
bedeutung, als die abstrakte Verbalform, und konnen daher
a priori verstehen dass der Infinitiv mit sonstigen Wort-
klassen durch die Wortbedeutung assoziativ enger verkniipft
ist als eine finitive Verbalform, deren assoziative Beziehungen
mehr durch die formale Seite bestimmt sind."2 Since the
English observers were given participles as stimulus-words
and the German observers infinitives, the difference in the
results is probably due to the difference in the stimulus-words.
If this is so, we see between the infinitive and finite forms,
besides the linguistic difference, also a decided psychological
difference.
It is to be noted also that of the responses to adjectives,
1
 Ztschr. {. Pscyhol. u. Physiol. d. Sinnesorgant, 28, p. 65 ff.
»Thumb, Indogtr. Forsch., 32, 35.
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76.5% were adjectives of meanings opposed to those of the
stimulus-words. For the German responses the percentage
was 82.5%. In the case of the numerals, the most frequent
response to each stimulus-word was the next higher numerals
in the German results the response zwanzig to the stimulus
zekn offers an apparent exception to this rule;1 the next most
frequent response is however elf.
There are 17 cases of reciprocal associations, as follows:
father ?=* mother, son ^± daughter, brother ?=* sister, uncle ?=*
aunt, big z± little, light ?=± heavy, old ^± young, thick ?=* thin,
white f=* black, giving ?=* taking, eating ?=* drinking, losing
?=± finding, reading ?=* writing, this ?* that, here ?=± there,
now z* then, seldom ?=* often.
It remains for us to consider the relations between the
reaction-times for the most frequent, next most frequent and
remaining responses. Thumb and Marbe found in their ex-
periments that the more frequent a response was, the shorter
was its reaction time. The following table will show that
the same rule applies to the English results. In the lines
marked a, b and c are given the average reaction-times of
the most frequent, next most frequent and remaining re-
sponses, respectively, to the stimulus-words of each of the


































RESULTS OF GROUPS B AND C
In the following tables are given the results for Group B
(children) and Group C (uneducated adults). 'The figures
in parentheses after the stimulus-words indicate the total
number of successful reactions; the columns under n and M
give the number of occurrences and median time of the most
1 1 say 'apparent' because in the very common 'counting by tens' twenty may be
regarded as the next higher numeral after ten. The English table also shows the in-
fluence of counting by twos and by fives.
EXPERIMENTAL STUDY OF ANALOGY
GROUP B
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Table I b . .
Table l i b . .


















6. young.. . .(11)
7. thick (10)
8. thin (9)





















10. finding. . . (10)
Most Frequent Reaction















•o ld . . . .
• thin . . .
•thick..








































































six. . . .
ten
ate . . .
drank..







































































'Understood only once as 'not heavy'; response heavy, time I.679. Understood
10 times as 'not dark'; response dark occurs 8 times, median time 1.365; time of
other two responses 1.588.





















7. never. . . .(10)
8. always (10)





















































































































































Table I c . . . .
Table He . .
1. father (15)
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'Understood 3 times as 'not heavy'; responses and reaction-times as follows:
heavy, 2.719; food, 2.524; clothes, 3.704. Understood 4 times as 'not dark'; response
dark, median time 1.468. Understood as noun 8 times; response darktuss occurs
twice, time 1.808; median time of other responses 1.598.
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Table I I I c .
Table IVc. .
Table Vc.. .
















5. losing ( IJ)
6. walking... (14)
7. reading... (15)
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frequent, next most frequent and remaining responses. A
star before a most frequent response indicates that it was also
the favored response for Group A.
Except in the length of the reaction-times, the results of
Groups B and C present comparatively small differences from
those of Group A. Of the most frequent responses of Group
B, 86.4% are the same as the most frequent responses of
Group A. Of the most frequent responses of Group C, 83.1%
are the same as those of Group A. The responses of Groups
B and C, as was the case in Group A, are predominantly of
the same category as their stimulus-words. In the category
of numerals, the influence of counting by twos is to be noted;
in Group B four occurs 4 times as a response to two, while in
Group C four occurs 5 times as a response to two, and six
occurs 4 times as a response to four. In both of these groups,
there occurs as the most frequent response to where; the most
frequent response of Group A was when. The supplementary
groups are not large enough, however, to permit us to make
comparisons between the results for single words. They do
however show us clearly that the associative processes of
children and uneducated adults do not differ widely from those
of educated adults, except that they are slower. The fol-
lowing tables give the medians of the reaction-times, (a) of
the most frequent, (b) next most frequent, and (c) remaining
responses to the stimulus words of each of the six categories;
at the right of each table are given the medians of the most
frequent, next most frequent and .remaining reactions of all



























































EXPERIMENTAL STUDY OF ANALOGY
It will be seen from these figures that the reaction-times
for children and uneducated adults are longer than those for
educated adults. That the times for the next most frequent
responses are in many cases longer than those for the infre-
quent (remaining) responses and in a few cases shorter than
the corresponding times for the most frequent responses, is
due to the very small number of next most frequent responses
(cf. the tables). The number of these being small, the med-
ians represent, not the frequent values of a large group of
observers, but the individual peculiarities of two or three
observers. In Group A, where many observers were used,
the relations of time between most frequent, next most fre-
quent and infrequent reactions are clearly seen.
In discussing the associations of children, Thumb1 calls
attention to the investigation of Ziehen2 and those of Watt.3
Of the former investigation, Thumb says, "Wie schon Ziehen
an Kindern zwischen 8 und 14 Jahren beobachtet hat, sind
Verbal-, d. h. reine Wortassoziationen iiberhaupt selten; am
haiifigsten sind Wortererganzungen (Post-karte); gelaiifige
Wortverbindungen und Reimassoziationen sind sehr viel sel-
tener als bei Erwachsenen; wir sehen also schon hieraus, dass
bei Kindern die Bedingungen viel seltener erfiillt sind, die
wir fur das Zustandekommen von Analogiebildungen voraus-
setzen miissen: Gelaiifigkeit, Schnelligkeit und Spontaneitat
der Assoziationen." The investigation of Watt had for its
object a direct comparison of the results from children and
adults. The stimulus-words used were the same as those
which Thumb and Marbe had employed. Of the 8 observers,
5 were children in the second to fifth years of school. The
results of this experiment show that the responses of the
children are much more scattering than those of the adults;
of the responses of the latter, 74% belonged to the class of
'most frequent' reactions; of the responses of the children,
only 29% belonged to this class.
A study of Table B will show that the differences between
1
 Indogerman. Forsck., 22, 43 f.
*Idtenassozialion des Kindts, I, II, Berlin, 1898, 1900.
» Zuchr. f. Psychol, 36, 417 S.
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the associations of adults and children, found by Ziehen and
Watt, do not appear in the results from the English observers
—with one exception, namely, the length of the reaction-
times. The tables given on pp. 484, 480, show that the
association-times for children are longer than those for adults.
But in the character of the associations, a comparison of the
tables of Groups A and B shows a remarkable similarity;
thus, 86.4% of the most frequent responses of Group B are
the same as the most frequent responses of Group A. The
greater scattering of the responses which Watt found in chil-
dren our results do not show at all. Indeed, the scattering
is less in the case of the children than in that of the adults.
The following table will show what percent of all responses
in Group A (educated adults), Group B (children) and Group
C (uneducated adults) belong (a) to the class of 'most fre-
quent' responses and (b) to the classes of 'most frequent'
and 'next most frequent' taken together.
A B C
(a) si.7 58.0 42.8
(b) 63.8 67.6 52.9
These figures show that the spattering is greatest in the un-
educated adults and least in the children. Of course, it
must be borne in mind that Groups B and C are much smaller
than Group A; nevertheless, until further and more extended
investigations are made, we cannot regard the results of Zie-
hen and Watt as being of general significance. The signifi-
cance of the conclusions reached from experiments of this
sort is proportional to the number of observers. Until more
reliable results are at hand, we are justified in believing that
the associations of children are quite similar to those of adults,
except in the length of the reaction-time. That there are
more associations present in the adult than in the child we
cannot doubt; but the associations which the child already
has are similar to those of the adult.
GENERAL CONCLUSIONS
1. The rule established by Thumb and Marbe, namely,
that the more frequent an association is, the more rapidly
EXPERIMENTAL STUDY OF ANALOGY 487
does it take place, is confirmed by the results from the Eng-
lish-speaking observers.
2. In both languages, words of a given category are asso-
ciated predominantly with words of the same category.
(a) In all categories investigated, with the exception of
the numerals, reciprocal associations were found. In these
cases a word a which calls up a word b is in turn called up by b.
(b) Numerals are associated predominantly with higher
numerals; the numerals I - IO are associated predominantly
with the next higher numeral.
(c) Adjectives are associated predominantly with adjec-
tives of opposed meaning.
3. A comparison of the English and German results tends
to show that the associations of English- and German-speak-
ing communities correspond in the case of most words which
are of familiar meaning and in universal use in both languages.
4. The reaction-times of the associations of children and
uneducated adults are longer than those of educated adults,
but the favored associations are in most cases the same, and
the essential character of the associations is similar.
